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ABSTRACT 

Aims. We present optical spectroscopy of a sample of BL Lac objects, to determine their redshift, to study their broad emission line properties 
and to characterize their close environment. 

Methods. Twelve objects were observed using the ESO 3.6m and the NOT 2.5m telescopes, obtaining spectra for the BL Lacs and for nearby 
sources. 

Results. For seven objects, nuclear emission lines and/or absorption lines from the host galaxy were detected. In all the four cases where 
absorption lines were revealed, the host galaxy has been resolved with HST or ground-based imaging. The broad H„ luminosities (or their 
upper limits) of the BL Lacs are similar to those of radio-loud quasars. For two BL Lacs, spectroscopy of close companions indicates that they 
are at the redshift of the BL Lacs, and therefore physically associated and likely interacting. Five BL Lacs have a featureless spectrum. In these 
cases, we apply a new technique to derive lower limits for their redshift. which are consistent with lower limits deduced from imaging. 
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1. Introduction. 

BL Lacertae objects (hereafter BL Lacs) are a relatively rare 
subclass of active galactic nuclei (AGN) characterized by lu- 
minous, rapidly variable UV-to-NIR non-thermal continuum 
emission and polarization, strong compact flat spectrum radio 
emission and superluminal motion. Similar properties are ob- 
served also in flat spectrum radio quasars and these two types 
of AGN are often grouped together into the class of blazars. 
The continuum emission of BL Lacs is boosted by relativistic 
beaming, that depresses the equivalent width (EW) of the spec- 
tral lines. However, apart from possible fluorescent emission 
lines, as in other types of AGN, absorption lines from the stel- 
lar population of the host galaxy, from intervening material and 
from the halo of the Milky Way are expected to be present in 
BL Lacs. These lines are probes of the physical conditions in 
the source, and in the intervening medium. They are obviously 
the most direct way of determining or constraining the redshift 
of the source. 

The detection of weak lines requires high S/N spectroscopy 
that, for most BL Lacs, translates into a necessity to use 
large telescopes. Until recently, most of the wo rk in this field 
have made use of 2-4 m clas s telescopes (e.g. Falomo et al., 
19931 LStickel & Kiihii Il993t IVeron-Cettv & VeronI Il993j 
Bad e. Fink. & EngeM 1 19941 IFalomo. Scarpa. & Bersa nelli. 



1994 


iFalomol 1 19961 IMarcha et a 


1 11996 


; Drinkwater et al. 


1997 


lLaurent-Muehleisen et all 


1998; 


Landtetall 12001 


Rector & Stocke, 2001; Londish et al., 


2002; Hooketal. 


2003; Carangelo et al., 2003). 



However, significantly better result s have be e n ob- 
tained with 8m class telescopes (e.g. iHeidt et ail l2004t 
ISowards-Emmerd et all l2005t IWoo et all [20051) . In particu- 
lar, a substantial step forward in the detection of faint spec- 
tral lines was achieved by our extensi ve study of 42 BL Lacs 
performed with the ESO VLT JSbarufatti et all l2005al [2006. 
hereafter S05a and S06), where we determined the redshift for 
18 sources, and developed a technique to obtain redshift lower 
limits for lineless sources. 

In this paper, we complement the ESO- VLT dataset by ob- 
servations with 2-4m class telescopes of sources that were not 
observed with the VLT, or that were observed in a different 
spectral range. Th e sample of 12 object s was taken from the 
list of BL Lacs in IPadovani & Giommil i 1995b . selecting the 
brightest targets among those with no available redshift, and 
bright, nearby targets to search for broad emission lines (in 
particular H,), and/or to study their environment. The first re- 
sults of t his campaign, concern ing new redshifts, were pub- 
lished bv lCarangelo et all J2003t) . Here we discuss the feature- 
less objects, the search for broad lines and the properties of 
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companions of the BL Lacs. For the five lineless objects we 
apply a technique, developed in S06, that allows us to set lower 
limits to the redshift. For the four low redshift objects we re- 
port a measurement or an upper limit for the broad compo- 
nent of the H„ emission line. In the case of 1H 0323+022 and 
1ES 1440+122 we also present and discuss the spectra of their 
close companions. Throughout this paper, we adopt the follow- 
ing cosmological parameters: Ho= 70 km s _1 Mpc , Qa=0.7, 
Q m =0.3. 

2. Observations, data reduction and analysis. 

In Table^we report a journal of the observations and in Table|2] 
the instrumental configurations. The low resolution setups (A, 
B, N) were used for the redshift determination and for study- 
ing sources in the close environment of the BL Lacs, while the 
medium resolution setup (C) was used for the search for the 
broad components of emission lines, especially H a . 

Table 2. Instrumental configurations. 



Setup Telescope Slit Range a Disp. , Resol. 
(arcsec) (AJ (A pix ') (A) 

~~ A ESO 3.6 + EFOSC2 12 4085-7520 L68 KXT 

B ESO 3.6 + EFOSC2 1.2 5200-9350 2.06 12.8 

C ESO 3.6 + EFOSC2 1.0 6285-8210 0.95 5.9 

N NOT 2.5 + ALFOSC 2.5 3200-9100 3.00 32.4 



In Fig. [2 we present the optical spectrum of each source. 
In order to show more clearly the continuum shape and the 
faint features, we report both the flux calibrated and the nor- 
malized spectrum for each object. The main emission and ab- 
sorption features are identified, interstellar absorption features 
are marked as ISM, and telluric absorption features as ffi. All 
these spectra are electronically available in our spectroscopic 
library of BL Lacs, at http://www.oapd.inaf.it/zbllac/. 

2.1. Redshift lower limits. 

For five objects the spectra appear featureless. In these cases, 
using the minimum observable EW (EW m ,„), it is possible to 
derive a lower limit for the redshift. This procedure is described 
in detail in S06. Briefly, it is based on the assumption that 
the host galaxy is an elliptical with an absolute magnitude of 
Mr -22.9 ± 0.5, as derived from the anal ysis of a hqmoge- 
neous sample of HST images of BL Lacs (see lUrrv et allEoOol 
ISbarufatti et all 12005b. hereafter S05b). Adopting a templat e 
for the spectrum of an elliptical galaxy (Kinn ev etall [l996), 
it was shown by S06 that from the apparent magnitude of the 
BL Lac, and the EW, m „in the spectrum, one can obtain a lower 
limit to the redshift. The lower limits from this procedure and 
their comparison with redshifts or lower limits deduced from 
the imaging of the host galaxy are reported in TablefJ] 



Data reduction was performed using IRAF 1 llTodvH 19861 

1 19931) . following standard procedures for spectral analysis. 
This includes bias subtraction, flat fielding and removal of bad 
pixels. For each target, we obtained two spectra in order to get 
a good correction of the cosmic rays and to check for the real- 
ity of weak spectral features. The individual frames were then 
combined into a single average image. Wavelength calibration 
was performed using the spectra of a Helium/Neon/ Argon lamp 
obtained during the same observing night, resulting in an ac- 
curacy of ~3 A (rms). From these calibrated final images we 
extracted the one-dimensio nal sp ectra adopting an optimal ex- 
traction algorithm faornel ["l9861 to improve the S/N. 

Although this program did not require optimal photometric 
conditions, the sky was clear during most of the observations. 
This enables us to perform a spectrophotometric calibration of 
the data using standard stars llokel ll990l) observed during the 
same nights. The ESO spectral setups B and C at wavelengths 
A >7000 A are affected by fringing. This was corrected for 
using flat field images taken immediately before or after the 
spectrum of the object, with the telescope in the same position. 
In the cases where such flat field images were not available, 
the resulting fringing pattern makes the detection of features in 
this spectral range very difficult, if not impossible. Finally, all 
the spectra were de reddened follow ing the extinction law by 
ICardelli. Clayton. & Mathisl (( l989). and assuming the E p _ y 
values computed by Schlegel, Finkbeiner, & Davisl (ll998l) . 

1 IRAF (Image Reduction and Analysis Facility) is distributed by 
the National Optical Astronomy Observatories, which are operated by 
the Association of Universities for Research in Astronomy, Inc., under 
cooperative agreement with the National Science Foundation. 



Table 3. Featureless objects. 



Object name 


FW 


Zmiii 


Zima 


PKS 0109+224 


0.43 


>0.18 


>0.40 


MS 0622.5-525 


1.48 


>0.49 


>0.41 


1ES 1106+244 


2.5 


>0.29 


0.46 


1ES 1239+069 


0.75 


>0.60 


>0.92 


PG 1437+398 


0.8 


>0.24 


0.26 



1 : Imaging redshifts from S05b. For PKS 0109+224, see Falomcl 11993) . 



3. Results for individual objects. 

PKS 0109+224 : This ra dio source w as discovered in the 5 
GHz Green Bank survey fc)avislll97ll) and subsequently clas- 
sified as a BL Lac by lOwen & Muffson| Jl977h . It exhibits 
significant variabil ity in flux and pol arization in both radio 
and optical bands ( Cip rini et all I2004I) . The host galaxy was 
not detected i n images obtained a t the NTT jFalomol Il996) 
and the NO T jNilsson et all 120031) . The claimed detection of 
the host bv lWright et alJ l ll998h (rnr=12.2i is dubious, since 
the host is resolved only in one of their two images. Based 
on the non-detection of the host and assuming t hat the host 
has an absolute magnitude M«=-23.5, Falomo ( 1996) pro- 
posed a lower limit to its redshift of z >0.4. Previous low- 
medium S/N optical spectra were feature less JWills & Willsl 
ll979tlFalomo. Scarpa. & BersanelliL fT994). Although we reach 
a high S/N (S/N = 230) in the red (5500-9000 A), the spec- 
trum remains featureless (Fig.^. We determine EW„„„=0.43 
A which according to our adopted procedure implies a redshift 
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Object 


RA 


Dec 


z 


n V 1 

Ref. 


j 

Hi,; 


Setup 


S/N 


Exposure time 


Date 


name 


/ r\f\r\ \ 

(J2000) 


(J2000) 












(s) 




PKS 0109+224 


01 12 05 


+22 44 54 






15.6 


B 


230 


1800 


26 Jul 01 


1H 0323+022 


03 26 13 


+02 25 15 


0.147 


F86 


18.4 


A 


30 


2100 


15 Jan 02 












18.4 


C 


30 


2400 


13 Jan 02 




O^ 

uj ZZ j / 


16. T7 (\1 


U.Ujj 


U /y 


i ^ 1 
i j. t 






18UU 


OA Tnl HI 

Zo Jut Ul 


PKS 0548-322 


05 50 41 


-32 16 11 


0.068 


F76 


16.4 


c 


50 


1800 


13 Jan 02 


MS0622.5-5256 


06 23 37 


-52 57 57 


* 




19.2 


A 


20 


2400 


14 Jan 02 


1ES 1106+244 


11 09 16 


+24 1 1 20 


(0.46) 3 


S05b 


18.7 


N 


15 


3600 


9 Mar 05 


1ES 1239+069 


12 41 48 


+06 36 01 


* 




19.2 


A 


20 


2400 


25 Jul 01 


PG 1437+398 


14 39 18 


+39 32 42 


(0.26) 3 


S05b 


16.9 


N 


60 


3600 


9 Mar 05 


1ES 1440+122 


14 42 48 


+ 12 00 40 


0.162 


S93 


17.2 


A 


60 


2400 


24 Jul 01 


PKS 2005-489 


20 09 25 


-48 49 54 


0.071 


F87 


13.9 


A 


400 


2400 


25 Jul 01 












13.9 


C 


250 


2400 


25 Jul 01 


PKS 2155-304 


21 58 51 


-30 13 31 


0.116 


F93 


13.1 


A 


90 


2400 


25 Jul 01 


PKS 2201+04 


22 04 18 


+04 40 02 


0.027 


V93 


15.2 


C 


100 


1800 


13 Jan 02 



1 : References for redshift determination: 



F76: IFosburv & Disne\l ll976ll F87: IFalomo'et1ifl 1198^1 V93: IVeron-Cettv & VerorHT99l) 

D79: IDanziger et aUfT979t) S93: ISchachter et aljtl99l S05b: ISbarufatti et all 12005111) 

F86: IFilippenko et aljll98r1l F93 JFalomo etaT] tl99l 

2 : R-band magnitudes determined from the flux measured in our spectra. 
3 : The imaging redshift estimate from S05b. 



lower limit of z >0. 18, consistent with, but considerably lower 
than the limit from imaging. 



1H 0323+022 : This X-ray selec ted object fooxsev et all 
1 1983b was classified as a BL Lac by Margon & Jacobv ( 1984). 
It ex hibits significa nt optical polarizat ion dFeigelson et all 
Il986l) and variability ( Villat a~etaD.l2000|). The host gal a xy wa s 
resolved in gr ound-based images by Feigelso n et alJ 11986), 
iFalomol i 19961) and lNilsson et alJ J2003I) . The signature of the 
host galaxy at z=0.147 was also clea rly apparent in the optical 
spectrum of Filippenko et al.1 1119861) . Our new spectrum (Fig. 

despite being dominated by the strong nuclear component, 
clearly shows several absorption lines from the host galaxy, 
i.e. Call ,1,13934,3968 and G band ,14305 (setup A), and Nal 
/15892 (setup C), confirming its redshift as z=0.147. The spec- 
trum also reveals the narrow [Nil] /16583 emission line at this 
redshift. However, no broad H„ emission is detected, with an 
EW m ,'„ limit of 1 A, corresponding to an upper limit of 1.8 10 40 
erg s _1 for the broad H„ luminosity. 

This BL L ac is located in a complex environment (e.g. 
IFalomol Il996l) . as shown in Fig. [2 At a distance of ~1' east 
of the BL Lac there is a bright elli ptical galaxy (G l) at a simi- 
lar redshift as the BL Lac (z ~0. 16, Falomo, 1996). In the close 
environment of the BL Lac, there are a number of complex 
emission features (Fig. In particular, a compact knot-like 
structure (G2) is located at a distance of ~2.6". We observed 
1H 0323+022 using the setup A with the slit slightly shifted 
with respect to the nucleus, to simultaneously obtain also the 
spectra of Gl and G2 (Fig.|5Jl. Gl is a bright elliptical galaxy 
at a redshift of z=0.160, determined from the Call H & K, G 
band, and Mgl absorption lines. The spectrum of G2 (Fig. [3] 
second panel), because of its small angular distance from the 
BL Lac and its low surface brightness, is contaminated by the 



light from the BL Lac and its host galaxy. Therefore we ex- 
tracted a spectrum using an identical aperture size to the one 
used for G2, taken in a position symmetric to G2 with respect to 
the position of the BL Lac (Fig. [3] third panel), and subtracted it 
from the spectrum of G2. The decontaminated spectrum of G2 
(Fig- El bottom panel) has the characteristic shape of an ellip- 
tical galaxy, with the absorption features of Call /1/13934,3968, 
G band ,14305 and Mgl ,15175 at z=0.148. The measured flux 
from the spectrum leads to an estimate of 18.6, which corre- 
sponds to Mr=-20.9. Therefore, G2 could be an elliptical dwarf 
gala xy at the re dshift of 1H 0323+022, as already suggested by 
Falomo ( 1996). The projected distance of G2 from the BL Lac 
is only d ^8 kpc. 



PKS 0521 -36 : This is a well studied BL Lac which has been 
obser ved extensively at all wavelengths (see e.g. IPian et all 
1996[ and references therein). The host galaxy has b e en re- 
solved in several imaging studies ( e.g. |W urtz et al., 1996; 
Falomo, Scarpa, & Bersanelli, 1994; Kotilainen et al., 1998; 
Urrv et allkOOOt lCheung et alll2003l) . The redshift of this BL 
Lac (z=0.055) Danziger et al. i 19791) is based on both absorp- 
tion lines from the host galaxy and strong emission lines from 
the nucleus. In particular, a broad (FWHM~3000 km s -1 ) Hq, 
with varying EW (ranging from 20 to 80 A) has been detected 
(Falomo, Scar pa. & Bersanellil ll994). Our high S/N spectrum 
(Fig. [D clearly shows the narrow [Oil] ,16300, Hel ,15875 
and SII ,1,16716,6730 emission lines, and the broad H ff +[NII] 
blend, with EW=40.7 A, corresponding to a broad H„ lumi- 
nosity of 7. 5 10 41 erg s" 1 , which is within the ran ge previously 
observed bv lFalomo. Scarpa. & Bersanellil (17994). 



PKS 0548-322 : This X -ray selected BL Lac at z=0.068 
jFosburv & Disnevt 1 19761) is located in a rich environment 
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( IFalomo et all 1 19951) . At least one of the companions shows 
signs of interaction with the BL Lac. The ho st galaxy has 
been detected both in imaging llUrrvet all EOOOT) and in spec- 
troscopy by Falomo & Ulrich ( 2000), who did not reveal emis- 
sion lines. Our new spectrum (Fig. ^ clearly shows a narrow 
emission line which we identify as [NII]/i6583 at z=0.068. The 
presence of [Nil] emission could be a signature of recent star 
formation in the hos t galaxy, induced by the interaction with 
the close companion Falo mo et all dl995h . No other emission 
features are detected, and the EW„„„ limit of 0.9 A corresponds 
to an upper limit of 8.4 10 39 erg s _1 for the br oad H„ luminosity, 
i.e. fiv e times smaller than the upper limit bv lFalomo & U lrich 
fcOOrf) . 

MS0622. 5-5256 : This is an X-ray selected BL Lac belong- 
ing to the EINSTEI N Ext ended Medium Sensitivity Survey 
(EMSS. iGioia et all Il990l) . Previous low S/N spectroscopy 
1 Stocke etalT[l985l) showed a featureless continuum. HST 



imaging of this BL Lac JScarpa et all l2000aS) failed to re- 
solve the host galaxy, suggesting a redshift lower limit z >0.4 
(see S05b). Our new spectrum (Fig. Q is featureless, with 
EW,„,„=1.48 A, which gives a spectroscopic redshift lower 
limit of z >0.49, well consistent with the lower limit from 
imaging. 

1ES 1106+244 : This BL Lac belongs to the EINSTEIN 
Exten ded Medium Sensitivity Survey (EMSS, IGioia et all 
199 0j). The host galaxy has be en resolved both in gr ound-based 
(IFalomo & Kotilainen Lll99"^) and in HST imaging JUrrv et all 
2000), indicating a redshift lower limit of z -0.42. Earlier spec- 
troscopy of this BL Lac by Perlman et al 1 (119961) showed a fea- 
tureless spectrum. From our moderate S/N spectrum (Fig. ^ 
we determine EW„„„=2.50 A, which implies a redshift lower 
limit of z > 0.29, consistent with the limit obtained from imag- 
ing. 

1ES 1239+069 : This high energy peaked B L Lac (HBL) 
has be en proposed as a candidate TeV source bv lStecker et all 
( 1996), b eing s uppos edly at a relatively low redshift (z=0.150, 
Perl man et all Il996h . However, this redshift estimate, based 
on the possible detection of absorption features from the host 
galaxy, is ruled out by our new spectrum (Fig.Q, from which 
the measured EW,„,„= 0.75 A implies z >0.60. Moreover, the 
non-detection of the host galaxy in imaging sets a further lower 
limit of z >0.92 (S05b), considerably higher than the spectro- 
scopic one, making the detec tion of this B L Lac in the TeV do- 
main unlikely. Indeed Hora n et all J200 4) failed to detect this 
BL Lac using the Whipple 10 m y-ray telescope. 



PG 1437+398 : This HBL belongs to the Sedentary Survey 
jGiommi et all l2005l) . Its host galaxy was resolved with 
HST imaging, giving an imaging r edshift of z -0.26 (S05b) . 
Previ o us optical spectroscopy jLa uren^-M uehleisen et all 
Il998t IWhiteetall l2000t IScarna et all 1 19951) have led to a 
featureless spectrum. Note that the redshift z=0.34 reported for 
this BL Lac by the NASA Extragalactic Database is based on 



a very low S/N (~5) Sloan Digital Sky Survey spectrum 2 . This 
redshift is ruled out by our new, much higher S/N (S/N ~60) 
spectrum (Fig.Q, which shows a featureless continuum. From 
the EW„„„ value (EW,„,„= 0.8 A) we deduce a redshift lower 
limit of z >0.24, consistent with the imaging redshift estimate. 



1 ES 1 440+1 22 : This is an X-ray selected BL Lac belonging 
to the Einstein Slew Survey. It is located in a rich environmen t, 
(Fig.|3, being surrounded by ~20 galaxies llHeidtetall F999). 
thus suggesting that this BL Lac is located in a group or a small 
cluster of galaxies. The host galaxy has been resolved in sev- 
eral imaging st udie s (iHeidt et allll999HFalomo & KotilainenL 
ll999tlUrrv etafll2000llKotilainen & Falomo[l2004 . High res- 
olution HST imaging by IScarpa et all ll 19991) revealed a very 
close companion (~ 0.3") to this BL Lac, suggesting the pos- 
sibility of gravitational lensing. This hypot hesis was, however , 
ruled out by a radio-optical study by Giovannini et al. (2004) 
who demonstrated that the companion object is a foreground 
star. We obtained spectra of the BL Lac itself (Fig.^, and of 
a galaxy at a distance of 25" (Gl) and of a close companion at 
a distance of ~2" (G2; Fig.|5j». The spectrum of 1ES1440+122 
is dominated by emission from the host galaxy, but the con- 
tribution of the nucleus becomes apparent towards blue wave- 
lengths (indeed, the strength of the Call break is only ~2Q%). 
The redshift of this BL Lac, z=0.162, measured from the Call 
,1,13934,3968, G band ,14305 and Mgl ,15175 absorption lines 
from t he host galaxy, confirms the result bv ISchachter et all 
lll993l) . Gl is a typical elliptical galaxy at a redshift of z—0. 164, 
and at a projected distance from the BL Lac of ~98 kpc. The 
other companion, G 2, is also an e lliptical galaxy at a redshift 
ofz=0.161 (see also lNilsson et alll2003[ who discuss their un- 
published spectrum of G2), and at a projected distance from 
the BL Lac of only ~4 kpc. Such a small separation strongly 
indicates that the BL Lac and the galaxy G2 are interacting. 



PKS 2005-489 : This X-ray selected BL Lac is at low red- 



shift (z=0.071 by IFalomo etallll987l based on the detection 
of H a and [Nil] emission lines). More recent spectroscopy has 
revealed weak NI Al 135 and CH I ^11 176 emission lines from 
the nucleus (Pent on et all 120041). a nd absorption lines from 
the host galaxy 1 Pesce*et all Il994l) . The host galaxy of this 



(Stickel&Kuhr, 


1993UFalomo 


1996; Kotilainenetal., 1998; 


Urrvetalll200fi 


Cheung^LaU 


2003 


, is a giant elliptical with 



M#=-23.1, in a relatively rich environment ( Pesce et all ll994). 
Several of the nearby gala xies are known to be at the red - 
shift of the BL Lac JStickel & Kuhrlll993tlPesce et allll994l) . 
The optical spectrum of this BL Lac is strongly domin a ted by 
the nuclear continuu m llFalomo. Scarpa. & Bersanelhl [l994; 
IPerlman et all 1 19961) . The very high S/N reached by our new 
spectrum (~400, setup A; Fig. allowed the detection of 
the spectroscopic signatures from the host galaxy. The Call 



2 see Sloan Digital 


Sky Survey 


Data 


1 http://cas.sdss.org/astro/en/tools/getimg/spectra.asn 


1350/52786, fiber 333, and 


Richards et al. 


2002) 



Release 4, 
plate 

for a descrip- 



tion of the quasar survey 
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/L13934,3968, G band ,14305 and Mgl ,15175 absorption lines 
have EW ranging from 0.2 to 0.4 A. The spectrum obtained 
with setup C confirms the presence of H a /16563 and [Nil] 
/16583 narrow emission lines. No broad component of H a is de- 
tected, with an EW„„„ limit of 0.2 A, corresponding to an upper 
limit of 1.9 10 41 erg s -1 for the broad H a luminosity. 

PKS 21 55-304 : Although this HBL, a prototype of its class, 
has been stu died in a large nu mber of papers at all wave- 
lengths (e.g. IPesce et all 1 19971 and references therein), little 
optical spectroscopy has been publis hed. It s redshift, z=0.116, 
has been measured by Falo mo et alJ i 19931) . from the G band, 
Mgl and Nal absorption lines (and a marginally detected Call 
doublet) in a spectrum of the host galaxy with the slit offset 
from the nucleus. The h ost galaxy has been resolved in imag- 
ing s tudies, with 1=14.8 llFalomo et allll99lUKotilainen et all 
1998), consistent with this redshift. Our new high S/N ESO 
spectrum (Fig. [0, also taken with the slit offset from the nu- 
cleus, allo ws us to confirm the detection of all the features 
reported by Falo mo et all dl993l) . In particular, the Call lines 
/M3934,3968 are clearly revealed, with EW of 0.5 and 0.4 A 
for the K and H lines, respectively. 



PKS 2201+04 

by 



: This radio source was classified as a BL Lac 
Weiler & Johnston (198(J). Its redshift, z=0.026, proposed 
Wills & Wills ( 1976) has been confirmed by more recent 



by 

observations, showing absorption lines from the host galaxy, 
along with narrow and broad nuclear emissio n lines, i n par- 
ticular, broad components of H^ and FL llFalomo et all Il987l 
IVeron-Cettv & Veronl fl993). Our new spectrum (Fig. [3 re- 
veals the [Oil] ,16300, [Nil] ,16583, H a ,16563 and SII ,16730 
emission lines. The Hq,-[NII] blend clearly shows the presence 
of a broad component, with an EW of 13.8 A, corresponding to 
a broad H„ luminosity of 6.1 10 40 erg s _1 . 



4. Conclusions. 

We have presented new, high quality optical spectroscopy of a 
sample of 12 BL Lac objects. Absorption lines from the host 
galaxy were detected in four objects. In all these cases, the 
host galaxy has als o been resolved in imaging, either with HST 
(1ES 1440+122, lUrrv et all EoOoT) or from the ground (1H 
0323+022, PKS 2005-489, PKS 2155-304. seelFeigelson et all 
ll986HPesce et allll994tlKotilainen et ailll998l respectively). 
The absolute magnitude of the host is in all cases close to M«= 
-22.9, which is typical forBL Lac hosts (S05b). The character- 
ization of the absorption lines from the host galaxy is, however, 
arduous in most cases, because the EW of the lines is strongly 
reduced by the beamed non-thermal continuum. 

The broad emission line intens ities of BL Lacs a re similar 
to those of radio-loud quasars (e.g. lPianetalll2005l) . The two 
cases where broad H„ is observed in this study (PKS 0521-365, 
L Ha ^7.5 10 41 erg s _1 ; PKS 2201+04 L Ha =6.1 10 4() erg s" 1 ) 
confirm this conclusion. It is also consistent with the derived 
upper limits in the cases of 1H 0323+022 ( L Ha <1.8 10 40 erg 
s- 1 ), PKS 0548-322 (L H „ <8 10 39 erg s" 1 ) andPKS 2005-489 
(L Ha , <1.9 10 41 ergs- 1 )." 



For two BL Lacs (1H 0323+022 and 1ES 1440+122) we 
have demonstrated that very nearby (projected distance 4-8 
kpc) companion galaxies are at the redshift of the BL Lac, in- 
dicating that there is a physical association and a likely inter- 
action. Similar cases have been previously found for a num- 
ber of other BL La cs (see IPesce et all Il995t iFalomol 1 199c! 
iFalomo etaill2000h . 

Finally, we consider the five BL Lacs which remain fea- 
tureless in our spectra. Their redshift lower limits, based on the 
minimum observable EW of the non-detected absorption lines, 
appear consistent with the ones deduced from imaging. As al- 
ready noted by S05b, the imaging technique is more stringent 
for brighter objects, but the spectral technique is the only avail- 
able method for faint (my >18) sources. 
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Fig. 1. Spectra of the BL Lacs observed with the ESO 3.6m and the NOT 2.5m telescopes. Top panel: flux calibrated spectra. Bottom panel: spectra normalized with respect to the 
continuum. Telluric bands are indicated by e, spectral lines are marked by the line ID, and absorption features from atomic species in the interstellar medium of our galaxy are labeled 
by ISM. 
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Fig. 1. continued 
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Fig. 2. The environment of 1H 0323+22. In the main panel (ESO 3.6m raw image, 10 s exposure) , the companion galaxy Gl 
is labeled. The subpanel in the lower right hand corner (R-band image, adapted from Falomcj Jl996h ') shows a higher resolution 
image of the BL Lac. The nucleus surrounded by the host galaxy is apparent together with the compact knot G2. The angular 
separation between the nucleus and G2 is 2.6" 
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Fig. 3. Spectra of the companion objects of 1H 0323+22. Top panel: Gl; Second panel: G2 (before decontamination); Third 
panel: Spectrum of the BL Lac, taken with an aperture symmetric to G2; Bottom panel: G2 (decontaminated spectrum) 
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Fig. 4. The environment of 1ES 1440+122. In the main panel (R-band image taken at the NOT by R. Falomo), the locations of 
galaxies Gl and G2 and the nuc leus (A+B) are indicated. Subpanel: HST detail of the r egion around the BL Lac (filter F702W 
image from IScarpa e t al., 1999); A is the BL Lac nucleus, B is a foreground star (see Gi ovannini et alJ II2004I) '). The angular 
separation between A and G2 is 2". 
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Fig. 5. Spectra of the companion galaxies Gl (top) and G2 (bottom) of 1ES 1440+122 



